Indolyl oxazolines are of synthetic interest, both for their potential medicinal and ligand properties. A novel structural group of medicinally interesting target molecules, represented by the potential antineoplastic agent A-289099, has been recently reported by Abbott Laboratories. [1] The racemate corresponding to A-289099 was found to be inactive and thus lowers the activity of A-289099. [1] Bidentate ligands have gained widespread attention in catalysis, mainly because of their compatibility with a variety of catalyst metals. By varying the electronic and steric properties on the coordination sites, catalytic features can be tuned. Common examples of bidentate ligands are those with two nitrogen atoms as coordination sites, such as PyOX, [2] PyrOX, [3] BOX, [4] or bipyridines (bipy), [5] the first two of which are non-C 2 -symmetric ( Fig. 1 ). These cores have electronically different rings surrounding the coordinating nitrogens, facilitating easier tuning of the ligands.
In this article, we present an efficient synthesis of the enantiopure 2-indolyl-2 0 -oxazoline core (IndOX, Fig. 2) . A racemic version corresponding to this structure has been reported earlier. [7] The oxazoline ring chirality has been utilized in ligand design for only two decades. [8 -10] IndOX compounds are not yet tested as ligands, but recent studies of pyrrolyl oxazolines (PyrOX) in metal-mediated asymmetric reactions [11] can also be seen as an indication of IndOX-ligand activity.
We decided to investigate the synthesis of the IndOX structures with differing electronic properties. We chose to vary the substituents at the 5-position of the indole ring (Scheme 1) to obtain information on the electronic impact on substituents at a fixed position. The chosen substituents at the indole ring were the electron-donating methoxy group, the neutral unsubstituted ligand, and the withdrawing chloride group, while the oxazoline ring was kept fixed. Correspondingly, we functionalized the oxazoline ring with the t-butyl, benzyl, phenyl, and i-butyl tails in the case of unsubstituted indole derivative. In all of these cases, preparation worked in a similar manner and caused no problems. The indole nitrogen need not be protected for this synthesis. The synthesis was also performed with the phenylsulfonyl and Boc protected acids 1 -3, but the unprotected route was more efficient. The commercial 2-indolecarboxylic acids were coupled with the suitable amino alcohols using standard amide coupling, and cyclization could be achieved in a single step by mesylation under basic conditions at room temperature (Scheme 1). This contrasts with the preparation of PyOX ligands, where the cyclization had to be promoted by another base treatment of the formed mesylate at elevated temperatures. [12] The clean reactions went into completion, and no chromatographic purification was needed. The yields varied between moderate and good. The Figure 1 . Structures of antineoplastic A-289099 and bidentate non-C 2 -symmetric N,N-ligand cores: PyOX, PyrOX, [6] and IndOX (framed).
difference in yields mainly depended on crystallization difficulties rather than reactivity ( Table 1) . Formation of amido alcohols 4-9 was an efficient step, and it was completed cleanly within 2-3 h. Complete conversion could always be achieved according to thin-layer chromatographic (TLC) analysis. Furthermore, the reactions proceeded cleanly: no amido ester was formed using BOP coupling at pH ¼ 9. The amido alcohol was then smoothly cyclized to the corresponding oxazoline (10) (11) (12) (13) (14) (15) in a single step, without base treatment or heating. Furthermore, no racemization of the oxazoline ligand was detected. Ligand 12 was prepared form both (R)-and (S)-phenylalaninol and their purity was determined by chiral HPLC (Chiralpak OD, 10% iPrOH/hexane, 1.0 ml/min), t R ((R)-12) 16.5 min, t R ((S)-12) 36.7 min. The achieved yields on these clean, complete reactions remained moderate because of difficult crystallizations. Column chromatographic purification was, however, avoided in this work.
A novel, enantiopure compound family has been synthesized in two simple and clean reaction steps. This excludes the need for chromatographic purification and protective groups of these compounds. Further investigations of applications of the IndOX family are in progress in our laboratory. 
EXPERIMENTAL
For all reactions, dried solvents were used; the dichloromethane was distilled over CaH 2 . The NMR spectra were recorded on a Bruker Avance 400 spectrometer ( (230 -400 mesh) . For indicating, UV light (l ¼ 254 nm), KMnO 4 solution (1.0 g KMnO 4 , 6.7 g K 2 CO 3 , 1.7 ml 5% aq. NaOH solution, 100 ml H 2 O), or ninhydrin solution (1.0 g ninhydrin, 0.2 ml glacial AcOH, 100 ml EtOH) was used. Flash chromatography was made with Merck silica gel 60 F 254 (230 -400 mesh), and the eluents for TLC and flash chromatography were of commercial quality. Elemental analyses have been provided for solid products and HRMS for oils and foams.
Typical Procedure for Formation of Amido Alcohols 4-9
A substituted indole-2-carboxylic acid (2.58 mmol, 100 mol%) was dissolved in 7 ml of CH 2 Cl 2 and 1 ml of DMF. A chiral amino alcohol (2.60 mmol, 100 mol%) in 4 ml of CH 2 Cl 2 was added, followed by 2.62 mmol (100 mol%) of BOP. The acidity of the reaction was kept at pH ¼ 9 by addition of DIPEA. As the reaction reached completion according to TLC (2-3 h), it was quenched by water and extracted three times with CH 2 Cl 2 . The extracts were washed with water and dried over Na 2 SO 4 . The residue was filtered through a pad of silica to yield a quantitative amount of a crude crystalline product. It was recrystallized from the indicated solvent system to yield 1.27 mmol of product.
Typical Procedure for Formation of 10 -15
An amido alcohol (1.00 mmol, 100 mol%) was dissolved in 7 ml of CH 2 Cl 2 . NEt 3 (6.03 mmol, 600 mol%) and 0.21 mmol (20 mol%) of DMAP were added. To this mixture was carefully added 2.83 mmol (280 mol%) MsCl. The progress was monitored by TLC, to see the formation and later the disappearance of the mesylate intermediate. After 1.5 h, the oxazoline was totally formed. The reaction was quenched with water and diluted with CH 2 Cl 2 , followed by extraction twice with CH 2 Cl 2 . The extracts were washed with water and dried over Na 2 SO 4 . The residue was filtered through a pad of silica to yield the crude product. It was recrystallized from the indicated solvent system to yield 0.59 mmol of a white powder.
Data on Compound 4
Yield 161.6, 140.3, 137.2, 132.7, 129.9, 129.0, 127.9, 126.8, 124.0, 122.3, 120.5, 113.1, 103.4, 63.9, 53.7, 37.4. CHN: C, 73.03; H, 6.17; N, 9.31 7, 142.1, 137.3, 132.6, 129.0, 127.9, 127.8, 127.7, 124.2, 122.3, 120.6, 113.1, 103.9, 65.4, 56.3. CHN; C, 72.30; H, 5.57; N, 9.84 7, 136.8, 130.9, 128.0, 125.0, 122.3, 121.1, 112.4, 102.9, 66.4, 50.6, 40.8, 25.4, 23.5, 22.6 6 Hz, 2H, 6.78 (d, 1H, J ¼ 1.6 Hz, 6.56 (d, 1H, J ¼ 1.6 Hz, 1H, 1, 155.1, 132.1, 131.3, 128.7, 128.3, 116.3, 113.2, 102.7, 63.3, 60.0, 56.1, 34.4, 27.4. CHN: C, 65.93; H, 7.81; N, 9.54 162.0, 135.6, 134.6, 129.0, 124.9, 124.0, 121.3, 114.6, 103 5, 137.7, 128.2, 125.8, 124.6, 122.3, 120.6, 111.9, 106.5, 76.1, 69.6, 34.6, 26.2. CHN:C, 74.25; H, 7.43; N, 11.40. Calculated for C 15 H 18 N 2 O: C, 74.35; H, 7.49; N, 11.56 . 
Data on Compound 11

